INTRODUCTION
Fetal macrosomia (fetal weight >4000 g) occurs in almost 10% of deliveries at term and is associated with increased maternal and neonatal morbidity, including a higher rate of cesarean delivery and shoulder dystocia. 1 Logic would dictate that if the duration of pregnancy could be shortened, fetal growth would be curtailed with a lower birthweight and the incidence of cesarean delivery reduced. The current literature on this subject does not support induction of labor for these purposes. Three recent publications support awaiting spontaneous labor versus inducing the patient with the macrosomic fetus. Friesen et al. 1 compared the perinatal outcomes of 186 nondiabetic pregnancies delivering infants >4000 g and concluded that spontaneous labor, rather than induced labor, is associated with a lower chance of cesarean delivery (10% vs. 24%). Gonen et al. 2 prospectively studied 273 non-diabetic patients and concluded that macrosomia should not be an indication for induction since it did not lower the cesarean section rate. Conway et al. studied a population exclusively composed of diabetic patients who were sonographically evaluated at 37 to 38 weeks. If the estimated fetal weight was <4250 g, induction was initiated. If it was >4250 g, elective cesarean section was performed. They reduced the incidence of shoulder dystocia by 50%, but increased the cesarean delivery rate by 3.4%. 3 Nationally elective induction has risen at a very significant rate for the past several years. Mathews reported that the rate for elective induction of labor had climbed by 77% to 160/1000 deliveries between 1989 and 1995. In addition, he reported that the cesarean section rate had declined for women with induced or stimulated labors. 4 From 1995 to 1999, the induction rate at The Toledo Hospital was 480/1000 for nulliparous patients and 400/1000 for multiparous patients. The rates of induction of labor and indications for induction varied significantly between members of the staff. This facilitated dividing the staff into study groups by their rates of induction for macrosomic pregnancies. The goal of this study was to determine whether physicians with high rates of induction for fetal macrosomia significantly altered the rate of cesarean section or significantly shortened the gestation. Finally, utilizing this large study population, we attempted to determine the relative risk of cesarean delivery for each of the final weeks of gestation ( <39 to >40 weeks) by controlling for parity.
METHODS
This was a retrospective study of all deliveries during the period from April 1, 1995 to August 1, 1999. There were 18,332 deliveries performed at The Toledo Hospital during this time period: 7705 were primiparous deliveries and 10,627 were multiparous deliveries. All deliveries with a birthweight >4000 g were reviewed for a total of 1649. These included 545 from nulliparous mothers and 1104 multiparous. Deliveries performed by primary cesarean section without a trial of labor, repeat cesarean section, and/or VBAC were deleted from the study population. This reduced the study population by 217 deliveries to 1432 Ð 486 nulliparous and 946 multiparous patients.
OBJECTIVE:
To determine whether obstetricians with high rates of induction for the indication of fetal macrosomia had higher or lower cesarean section rates.
STUDY DESIGN:
Data were analyzed from 1432 deliveries with birthweights > 4000 g. Four physician populations were identified: a faculty service and three groups of private practitioners with induction rates 20% to 40%, 40% to 60% and > 60%. The average cesarean section rate was determined for each group as well as the percentage of each group's deliveries occurring before 39 weeks, at 39, at 40, and after 40 weeks. In addition, the relative risk of cesarean delivery was calculated for the entire study population.
RESULTS:
No correlation was found between the rate of induction of labor and the rate of cesarean section. Delivery of nulliparous and multiparous patients after 40 weeks carried an increased risk of cesarean section. Delivery of multiparous patients before 39 weeks did also. Obstetricians with induction rates > 40% significantly decreased the incidence of delivery after 40 weeks, which lowered their cesarean section rates, but no net lowering occurred because of increased rate of cesarean section < 39 weeks.
CONCLUSION:
A fetal weight of 4000 g or more is not an indication for induction of labor. For multiparous patients, induction at 38 weeks or before is associated with an increased rate of cesarean delivery. To examine the effect of the rate of induction of labor on the cesarean section rate, the study population was divided into four subgroups of obstetricians. Three study groups were created from the delivery data of the private practices. The rate of induction for pregnancies with a birthweight >4000 g was determined for each private obstetrician. Each was then assigned to a study group determined by his/her induction rate: 20% to 40%, 40% to 60%, and 60% to 80%. The fourth study group was composed of the full-time faculty including the Maternal±Fetal Medicine consulting service. The latter accounted for almost all of the insulin-dependent diabetic mothers. In the event that an attending physician had fewer than five deliveries of infants >4000 g during the study period, these deliveries were dropped from the study. The incidence of gestational diabetes, medical, or obstetrical complications was not significantly different between the groups. Review of the data from private patients revealed that induction was initiated most commonly with the sole indication of being a large-for-gestational-age fetus. Frequently, medical and/ or obstetrical indications for the induction, which were not supported by the medical record, were recorded. Accordingly, scheduled induction was used as a single variable rather than attempting to discern indicated from elective induction.
To ascertain whether the study sub-groups had statistically significant differences in their rates of induction, all were analyzed by logistic regression against the variable of induction of labor. Then three individual analyses were performed. (1) The cesarean section rates for each study group were compared. The deliveries for each physician group were then further subdivided by mode of labor onset (spontaneous, with and without pitocin augmentation, induction of labor, cervical ripening) to determine whether the rates of cervical ripening were significantly different. (2) The relative risk of cesarean section prior to 39, at 39, 40, and >40 weeks was calculated. (3) The percentages of the total deliveries occurring before 39, at 39, 40, or >40 weeks were determined for each study group. The rate of cesarean section was also calculated for each group for each of these weekly intervals.
All statistical analyses were done using SPSS 8.0. The Pearsonsquared analysis was used for all cross-tabs analysis. Approval was obtained from the Investigational Review Boards of the Medical College of Ohio and The Toledo Hospital for this study.
RESULTS
The regression analyses revealed significant differences between the study groups. For the nulliparous deliveries, the group with an induction rate between 20% and 40% (p<0.023) and the group with a rate >60% (p<0.001) were significantly different from the faculty (p<0.734) and the 40%-to-60% group (p<0.104). For the multiparous deliveries, the 20%-to-40% group (p<0.16), the faculty (p<0.294), and the 40%-to-60% group (p<0.388) were not significantly different. However, the >60% group was (p<0.003).
In Table 1 , the delivery data for each group of attending physicians are summarized. The induction rates for nulliparous deliveries ranged from 25% to 72% and for multiparous deliveries 25% to 70%. Even though there were marked differences in the average rates of induction, there were no statistical differences in cesarean section rates. To increase the power for the comparison, the data were placed in only two study groups Ð obstetricians with induction rates below 40% and those with rates above 40%. There was still no significant correlation between induction rate and cesarean section rate. When the delivery data were separated by modes of labor onset and management (spontaneous labors, with and without pitocin augmentation, induction of labor, and cervical ripening), there was no statistically significant difference in the cesarean section rates for any specific form of labor management.
In Table 2 , the risk of cesarean section is presented for each week of gestation. These data were generated from the data of all patients in the study rather than by sub-groups based on the obstetricians' induction rates. Delivery after 40 weeks carries a greater relative risk Table 3 , the delivery data are subdivided by week of delivery, and the percentage of deliveries for each study group is presented. For both nulliparous and multiparous patients, the two groups of private physicians with higher rates (40±60% and >60%) delivered more patients prior to 39 weeks and fewer patients after 40 weeks. In the period prior to 39 weeks, the faculty and the private practice group with a rate of 20% to 40% inductions delivered fewer patients (nulliparous patients=5% and 7% vs. 8% and 12% multiparous=11% and 13% vs. 15% and 25%). For nulliparous deliveries, they had no cesarean sections while the groups with induction rates >40% had rates of 25% and 40% (p<0.000). For multiparous deliveries, the group with rates >60% had higher cesarean section rates at 39 weeks (13%) and 40 weeks (8%). The obstetricians with induction rates over 40% had increased rates of cesarean section before 41 weeks, and this increase offset any benefit achieved by lowering their rate by delivering fewer patients after 40 weeks.
At the outset of this study, a -squared analysis was performed with the two variables of induction of labor and cesarean section. For nulliparous patients, there was a strong correlation (p<0.000), but there was no statistical correlation for multiparous patients. This is not consistent with the data from Table 1 which showed that increasing the rate of induction had no effect on cesarean section rates. When regression analysis was performed, with nulliparity and induction of labor as dependent variables with cesarean section, nulliparity is significant at 0.000 and induction of labor is not. This was consistent with our finding that physicians with higher rates of induction did not raise or lower their net cesarean section rates by their induction practices.
DISCUSSION
This study is a retrospective analysis of the relationship between induction of labor and cesarean section for deliveries with birthweights in excess of 4000 g. It is largest of any of its kind to date and the first to compare the outcome with variable rates of induction. These data strongly support the conclusions of others that macrosomia is not an indication for induction of labor. Table 1 demonstrates that obstetricians with induction rates >60% induced labor three times greater the rate of their colleagues whose rate was 20% with no significant change in the cesarean section rate. This was true regardless of parity. Delivery after 40 weeks was associated with an increased risk of cesarean delivery, and indeed, those obstetricians with higher induction rates ( >40%) decreased the percentage of patients delivering after 40 weeks. This lowered their frequency of cesarean delivery. However, aggressive use of induction prior to 39 weeks resulted in higher cesarean section rates with no net advantage. Attempting to reduce the cesarean section rate by earlier delivery was not successful.
The -squared analysis of the data for nulliparous patients reveals that the variable of induction of labor correlates strongly with cesarean delivery (p<0.000). Interestingly, obstetricians with higher rates of induction did not have higher cesarean section rates. Regression analysis demonstrates that when nulliparity is added as a dependent variable, induction of labor falls from statistical significance. It is not the process of induction that increases the risk of cesarean section; it is nulliparity. It would seem that a significant percentage of nulliparous patients is predestined to require cesarean delivery. This same conclusion was reached by Prysak and Castronova 5 who concluded,``cesarean section is increased significantly by nulliparity and/or an unfavorable cervix among other factors, but not by elective induction itself''.
CONCLUSION
These data indicate that fetal size is not an indication for induction of labor. Physicians with higher induction rates ( >40%) did not have lower cesarean section rates than those with lower rates. Conversely, these data lead one to the conclusion that in this time of high rates of elective induction of labor, the risk of cesarean section for pregnancies with a fetal weight of >4000 g is not significantly increased by elective induction after 39 weeks' gestation.
To definitively address these issues, a prospective study, which provides an objective assessment of the cervix prior to induction, is required. Unfortunately, patient pressure and the enthusiasm of the obstetricians for induction will probably preclude its performance. Until such a study can be done, we will have to rely on the current retrospective data which remain unanimous in the conclusion that induction of labor will not decrease the risk of cesarean section when the fetus weighs in excess of 4000 g.
